To find out if atrial natriuretic factor plays a part in the control of urine output during the initiation alone or throughout postnatal diuresis in neonates with respiratory distress syndrome, atrial natriuretic factor concentrations and clinical and renal variables were measured prospectively three times during the first three days of life in 13 premature infants. Atrial natriuretic factor concentrations rose significantly between the first and second sample times as did the urine output and output:input ratio. By the time that the third sample was taken, atrial natriuretic factor concentration had decreased significantly since the second sample had been taken, while urine flow was maintained. All subjects initiated a spontaneous diuresis that was related to the second concentration of atrial natriuretic factor. With partial correlation analysis a significant relationship was shown between the concentration of atrial natriuretic factor and the maintenance of urine output throughout the study period. Individual hormone concentrations did not, however, correlate with simultaneous renal variables. Changes in the concentrations of atrial natriuretic factor coincided with initiation of spontaneous diuresis in babies with respiratory distress syndrome, and may have a role in the complex mechanisms that maintain this diuresis.
infants because of a rise in atrial pressure caused by the changes in intracardiac and extracardiac blood flow after birth, or because there is a rise in atrial volume caused by a shift of intracellular fluid volume to the extracellular space during the postnatal period.6 In addition, atrial natriuretic factor induces vasodilation and increases renal blood flow in previously constricted vascular beds7; similar haemodynamic changes in the renal vasculature occur during the transition from fetal to extrauterine life. 8 Infusions of atrial natriuretic factor cause pronounced natriuresis, kaliuresis, and diuresis in animals and man"'; recent studies confirm that sodium, potassium, and water balances are negative during the spontaneous postnatal diuresis in infants.' 12 Finally, high concentrations of plasma atrial natriuretic factor are found in newborn infants during the first week of life.'3 14 These observations have led some investigators to speculate that atrial natriuretic factor may have an important role in the initiation, '5 or the subsequent maintenance, or both, of neonatal diuresis. '6 This study was designed to investigate two hypotheses: firstly, that atrial natriuretic factor is associated with the initiation of the postnatal spontaneous diuresis in newborn infants; and secondly, that atrial natriuretic factor secretion maintains the diuresis until it is completed rather than acting during the initiation phase alone. In testing the first hypothesis-the relationship between atrial natriuretic factor and the initiation of diuresis-the onset of diuresis was defined as the time at the beginning the block when the output:input ratio first exceeded 0.8.2 This level is 1-4 standard deviations (92nd centile) above the mean of the output:input ratio preceding the diuretic period as determined by Bidiwala et al using an even stricter defmnition of diuresis.'2 The time of onset was then related to the log of the plasma atrial natriuretic factor concentration and the other measured variables from each of the three blocks by linear regression. The differences between the second atrial natriuretic factor sample time and the onset of the diuresis for each infant was defined as delta time.
To test the second hypothesis-that atrial natriuretic factor secretion is important to maintain the diuresis-a correlation matrix including all atrial natriuretic factor concentrations and the coincident measurements of blood chemistry, calculations of renal function, and respiratory variables was constructed using linear regression. A partial correlation matrix was then constructed to delineate further the maintenance of urine volume production during diuresis as a function of selected study variables held independent from the other study variables. Urine output was correlated independently with age at time of study (hours after birth), birth weight, fluid intake, log of the plasma atrial natriuretic factor concentration, renal function (creatinine clearance, free water clearance, and fractional sodium excretion), serum sodium concentration, and severity of respiratory illness (A-aDO2). Log of the plasma atrial natriuretic factor concentration was independently tested against the same variables. and 11=p<0O001, block 3 v block 1.
were excluded because their umbilical catheters were removed after the first blood samples were obtained. Two patients were withdrawn because they developed tension pneumothoraces during the study which may have acutely reduced blood return to the heart and affected atrial natriuretic factor concentrations. Two of the remaining 13 patients had only two samples of atrial natriuretic factor taken, but are included with appropriate corrections made in the analysis for missing data. Minor errors in the timing of urine and serum sampling also necessitated correction for missing data in the analysis.
The mean (SEM) weight of the 13 study subjects was 2030 (140) g and their gestational age was 33 (0-5) weeks. The mean (SEM) 5 minute Apgar score was 8 (1). All infants were receiving supplementary oxygen at entry into the study and 12 received positive pressure ventilation for between 17 hours and 27 days. During the study no subject had clinical evidence of a patent ductus arteriosus, a factor known to affect atrial natriuretic factor concentrations.'9 Table 1 shows the time at which each of the three samples of atrial natriuretic factor was taken. The atrial natriuretic factor (and the log of the plasma atrial natriuretic factor) concentrations rose sharply between block 1 and block 2 (p<0c001), reflecting a rise in atrial natriuretic factor observed in 12 of the 13 subjects. The hormone concentrations fell between block 2 and block 3 (p< 001). As seen in table 1, the fluid intake rose over the three blocks, especially between blocks 2 and 3. Urine output and output:input ratio also rose but there were no Figure 2 Log ofplasma atrial natriuretic factor at block 2 plotted against the difference between the onset ofdiuresis and the time that the sample ofatrial natriuretic factor was taken (delta time). Negative delta time indicates that the sample of atial natiuretic factor was obtained before the onset of diuresis; positive delta time indicates that atial natiuretic factor was sampled after onset. Y=2-4371-0-1669 log of plasma atrial natriureticfactor at block 2, r= -0-6892, R2=0-475, p=0-0092.
significant differences in the latter two variables between block 2 and block 3. A continued diuresis (input:output ratio >0 8) was seen during block 3 in 7/11 subjects. There were no significant differences among renal function variables (unpublished observations).
All the infants experienced a spontaneous diuresis with a mean onset of 27 (3) hours (range 7 to 43). Figure 2 shows the relationship between delta time and the log of the plasma atrial natriuretic factor concentration during block 2. There is a significant negative correlation (r=-0-69, p=00092) between this value and the time between the onset of diuresis and the taking of the atrial natriuretic factor sample during block 2, indicating that atrial natriuretic factor concentrations before the onset of the diuresis were higher than those obtained after the onset.
The onset of diuresis correlated significantly with block 2 F102 (r=0-63), peak inspiratory pressure (r=0-58), and A-aDO2 (r=0-63), suggesting that more severe lung disease correlated with a later onset of diuresis. There was no significant correlation between the onset of diuresis and any measured or calculated renal function or variable.
To examine the second hypothesis-that atrial natriuretic factor was associated with maintaining the diuresis until completion-the 37 atrial natriuretic factor measurements from the 13 subjects were correlated with renal and non-renal variables from the coincident block.
No significant correlations were found, either by single or multiple regression. Because atrial natriuretic factor may act through a secondary messenger, cyclic guanosine monophosphate,20 and so have a delayed effect, the same variables measured eight hours later were correlated with the log of the plasma atrial natriuretic factor concentration. Again, no significant relationships were found.
Partial correlation analysis (table 2) showed that there was a significant relationship between urine output and the log of the plasma atrial natriuretic factor (r=-044, p<0 01). Urine Table 2 Relationship between urine output and selected variables by partial correlation analysis volume output was also independently related to renal functions: creatinine clearance (r= -0 50), free water clearance (r=0 82), and fractional sodium excretion (r=0-52). In addition, serum sodium concentration and alveolar arterial oxygen differences were related to urine volume. There were also significant partial correlations between the log of the plasma atrial natriuretic factor concentration and A-aDO2 (r=-0-63), serum sodium (r=-053), and free water clearance (r=0 51) (not listed in table 2).
Discussion
The 13 infants in this investigation began their diuresis half way through the 72 hour study period. The onset of the diuresis coincided with a surge and then fall in the plasma atrial natriuretic factor concentration. In addition, infants who had blood taken for measurement of atrial natriuretic factor concentration before the onset of the diuresis had higher concentrations than those from whom samples were taken at or after the onset of diuresis. Though the results of the present study were consistent with the first hypothesis-that atrial natriuretic factor participates in initiating diuresis in infants with respiratory distress syndrome, they do not suggest that this hormone is a critical factor. If atrial natriuretic factor concentrations were low in infants who failed to achieve an early diuresis, then a more causal relationship could be implied between atrial natriuretic factor and the initiation of diuresis. The current findings may also be consistent with an increase in atrial volume initiating atrial natriuretic factor secretion and diuresis. If this latter interpretation is correct, then the continued diuresis and consequent extracellular volume contraction seen throughout block 3 should have led to a further decline in the atrial natriuretic factor concentration, as was seen in these 13 subjects.
In examining the role of atrial natriuretic factor during the maintenance of diuresis, we could find no correlation between atrial natriuretic factor concentration and any measurement of serum or urine chemistry or calculated renal function during the first 60 hours of life by regression analysis. This lack of correlation may have been the result of using differences in nappy weights and two hour urine collections to estimate renal function, which may not give a true reflection of the underlying renal function. Previous reports, however, have also found no direct and simple relationship between atrial natriuretic factor concentrations and the maintenance of diuresis or renal function. 4 16 Other studies of the physiology of spontaneous diuresis in newborn infants have found that acute changes in body water distribution,6 changes in prostaglandin metabolism,2' changes in glomerular filtration and sodium excretion,'2 and changes in free water clearance,' may influence the postnatal diuresis. These were studies of nine to 17 patients each, which were sufficient to isolate the single relationships outlined. Delineating a causal relationship between observed atrial natriuretic factor and urine volume would require over 900 babies to show a significant correlation among these variables, most probably because of the confounding effect of other factors affecting both urine volume and atrial natriuretic factor concentration. Alternatively, partial correlations can be made with a smaller number of subjects.
In the present study partial correlation analysis indicated that there was a significant relationship between urine volume and atrial natriuretic factor concentration during the study period. Significant relationships were found between urine output and creatinine clearance and serum sodium, and we also found that urine output was independent of fluid intake. These findings are consistent with a recent report by Bidiwala et al. '2 In addition, this analysis highlighted the reported relationship between urine output and fractional sodium excretion and free water clearance during diuresis, which suggests an underlying change in tubular function.'
There was also a significant relationship between the atrial natriuretic factor and AaDO2 gradients as well as atrial natriuretic factor and serum sodium. The former is consistent with the findings of Shaffer et al, who noted higher atrial natriuretic factor concentrations in infants with more severe respiratory distress syndrome. 4 The latter correlation is consistent with the presumed mechanism of inhibition of atrial natriuretic factor release-that is, the intravascular water volume drops resulting in increased serum sodium concentrations and a fall in the atrial natriuretic factor concentration.
Besides influencing diuresis, there are other potential hypotheses to explain the high atrial natriuretic factor concentrations found in premature infants with respiratory distress syndrome. Hypoxia enhances release of atrial natriuretic factor from the heart, and atrial natriuretic factor may function as a pulmonary vasodilator if there is hypoxic pulmonary vasoconstriction." Alternatively, there may be problems with regulation of atrial natriuretic factor release or end organ effect in the newborn. Both This study provides evidence in support of both hypotheses. There was a significant rise noted in plasma atrial natriuretic factor concentrations just before and at the onset of diuresis, followed by a fall in the hormone concentration, suggesting that atrial natriuretic factor is necessary for the initiation of postnatal diuresis. It is possible, however, that the two phenomena are coincidental. Like other authors, we found no relationship found between plasma concentrations of the hormone and a number of variables that are causes or consequences of renal function.'4 16 A partial correlation analysis, however, supports the hypothesis that atrial natriuretic factor may contribute to the maintenance physiology of the complete postnatal diuresis. A much larger population needs to be studied to eliminate the effect of confounding variables and accurately determine the relationship between atrial natriuretic factor and postnatal diuresis.
